Abstract. Hypocenters of the Loma Prieta sequence 'form a dipping zone that rises from the mainshock hypocenter and is parallel to the mainshock nodal plane. Most aftershocks cluster around the perimeter of the zone, surrounding a relatively aseismic center which approximates the region of mainshock rapture. At its southeastern end, the dipping aftershock zone warps into a vertical surface that corresponds to the San Andreas fault. In the central and northwestern parts of the zone at depths above -10 kin, the aftershocks define numerous disjoint fault structures. The large component of reverse-slip observed in this event agrees with a simple model for slip on a dipping plane within a compressional fault bend. We do not believe that the Loma Prieta earthquake occurred on the Sargent fault. However, we are unable to conclude whether it ruptured the principal plate boundary fault or a less frequently active hult.
Introduction
The M s 7.1 Loma Prieta earthquake presents an opportunity to investigate the complete aftershock sequence of a major earthquake over a wide magnitude range and to compare it with the preceding two decades of seismic activity. The U.S Geological Survey has operated a dense, high-gain seismic network (CALNET) covering the southern Santa Cruz Mountains since the late !960's that permits highresolution hypocentral determinations on a routine basis [Eaton et al., 1970] .
In this paper we introduce a refined traveltime model for the Loma Prieta source region and apply it to the study of the temporal and spatial patterns seen in the aftershocks fi'om October 18-31 1989. Companion papers by Olson [1990] , and Oppenheimer [1990] present the preceding seismicity and focal mechanism solutions for the Loma Prieta sequence, respectively, as based on this crustal model.
Data and Analysis
At our office located about 40 km north of the rapture, the three principal data recording systems (Real Time Processor (RTP), on-line digital event detection and seismogram storage computer (CUSP), and analog FM tape recorders) operated without interruption throughout the sequence despite ground motions of-¬ g and loss of commercial electrical power for 7 hours. Roughly half of the stations This paper is not subject to U.S. copyright.
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Paper number 90GL01000 0094-8276 / 90/90GL-0!000503.00 within about 50 km of the epicenter were Iost for most of the first 20 hours of the sequence. Fortunately, 22 of the nearest stations, including the majority of those within a focal depth of the sequence, remained in full operation except for one 4-hour period when 8 of the 9 stations covering the southern portion of the aftershock zone were lost. As a consequence, our catalog contains some data gaps during the first day of the sequence. After the first day, the completeness level for the catalog approaches M 1.0.
The P-wave arrival data used to locate these earthquakes are a merged set of hand picks from CUSP and machine picks from the RTP. We located the earthquakes with HYPOINVERSE [Klein, 1989] To explore the temporal development of the sequence we examine a series of longitudinal cross sections for consecutive times intervals. During the first 24 hours of the sequence (Figure 3a) , the majority of events occur along the perimeter of the aftershock zone, a pattern also seen when all of the avai!able locations are considered. The distinct clusters apparent in this early period remain active throughout the duration of the sequence. In contrast to the active perimeter, the center of the zone contains relatively few aftershocks, most of which have focal mechanisms dissimilar to the mainshock [Oppenheimer, 1990] . We believe 3) The San Andreas truncates the dipping rupture at-9 km depth and remains vertical adjacent to it [Olson, 1990] .
At present the combined seismicity and geodetic dam [Lisowski et al., 1990 ] cannot exclude any of these models, The Sargent fault does not appear to be a candidate for the rupture plane of 1). Some afterhsocks are consistent with activity on a vertical San Andreas fault, but they are few in number and do not define a continuous structure. Other events, in the center of the sequence, release fault normal compression as would be the case for the growth of the southern Santa Cruz Mountains as a fault propagation fold [Suppe, 1983] above the dipping right-reverse fault. If this is the case, then the "old" San Andreas would be deflected to the northeast as the fold grows, possibly being dismembered into smaller segments. Differences in the vertical deformation expected for each scenario may ultimately permit us to distinguish between these models.
